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1. 

SWITCH-BODY PMOS SWITCH WITH 
SWITCH-BODY DUMMIES 

TECHNICAL FIELD 

The technical field relates generally to circuits for sam 
pling and holding an instantaneous value of a time-varying 
electrical signal. 

BACKGROUND 

A sample-and-hold circuit receives an electrical signal 
with one or more time varying attributes such as, for example, 
amplitude or phase and, in response to a sampling command 
event such as, for example, a clock edge, takes and holds a 
sample of the signal. 

Sample and hold devices (hereinafter referenced generi 
cally as "S/H device(s)), are used in a wide range of appli 
cations such as, for example, a pre-sampler within, or preced 
ing a front end of an analog-to-digital converter (ADC), 
typically to present a value to the comparators of the ADC that 
is reasonably stationary for long enough to meet a set-up and 
hold time requirement of the ADC, or a "de-glitches' 
installed at the output of a digital-to-analog converter 
(“DAC), typically to sample the DAC output at some time 
after the DAC clock and thus hold a steady-state analog signal 
level. 
The sample that is held by the S/H device is, ideally, the 

instantaneous value of the signal that exists exactly at a given 
point in physical space at a given instant of time, e.g., the 
signal value at a sampling terminal of the S/H device at an 
infinitely precise time relative to an infinitely precise clock. 

It has been long known, however, to persons of ordinary 
skill in the arts pertaining to S/H devices that actual operating 
S/H devices suffer from various non-ideal characteristics by 
which the actual sample at a given time after the sampling 
instant is not, in fact, the exact value of the input signal that 
was extant at that instant. These non-ideal characteristics 
include, for example, Sampling jitter, meaning the statistical 
variance of the time difference between the ideal hold clock 
event and the instant that the S/Hactually holds the sampled 
value; acquisition time, meaning the time required for the S/H 
device to charge the hold capacitor to the sampled signal 
value; as well as charge injection; clock feedthrough and 
pedestal error. 

Various known methods are directed to reducing or com 
pensating, at least in part, one or more of the above-identified 
non-ideal characteristics of actual S/H devices. 

For example, the simplest signal Switch component of an 
S/H device is a single transistor fabricated by a MOS process, 
Such as a PMOSFET or NMOSFET. Each of the PMOSFET 
and NMOS FET is controlled by a clock signal that swings 
between the MOS Supply Voltage V, and the system ground. 
An inherent problem faced by a single transistor PMOSFET 
or NMOS FET structure is that each requires a threshold 
gate-to-source Voltage, generally termed V, to Switch on, 
meaning to form a conducting channel extending under the 
gate from the source to the drain. The lowest signal Voltage 
that can be transferred by a PMOS device is therefore equal to 
0+V and the highest voltage for an NMOS device is there 
fore equal to V-V. 

To avoid this inherent shortcoming, and to provide other 
benefits known in the arts pertaining to S/H devices, the 
complementary MOSFET (CMOS) switch was introduced. 
CMOS switch S/H devices are well known in the S/Harts, as 
they were introduced decades ago. A typical CMOS switch 
includes a PMOSFET and an NMOSFET, connected parallel 
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2 
to one another with source-to-source and drain-to-drain con 
nections. One ON-OFF S/H signal, typically termed a clock 
or CLK is connected to the PMOSFET gate and the comple 
ment of that CLK, which may be termed NCLK, is connected 
to the NMOSFET gate. The PMOS and NMOSFETs there 
fore turn ON and OFF concurrently, subject to time differ 
ences between the edges of the CLK and NCLK. 

Related art CMOS switch S/H devices also have inherent 
shortcomings, though, including, as an illustrative example, a 
signal-dependent ON resistance of the CMOS switch, which 
in turn produces an inherent non-linearity. 
Methods that have been, or are directed at this inherent 

non-linearity of CMOS switches have been long used and 
longer known. All have also been long known as having 
significant shortcomings. For example, one such method is to 
boost the gate control voltage 'V' to lower the “(V-Vs)/ 
V variation caused by the signal variation at the source “V” 
of the MOS switch. This method imposes costs, and has other 
non-ideal characteristics such as, for example, limited effec 
tiveness and increased risks of accelerated device failure due 
to the higher the gate control signal level. 

Another of these methods, often referenced as the “boot 
strap' method, makes the gate Voltage follow the analog input 
signal with an offset to turn the switch ON and to keep “V” 
constant, thereby maintaining a somewhat constant ON resis 
tance. However, the offset Voltage must be high enough to 
turn the switch ON with low on-resistance but, at the same 
time, must below enough to limit the stress added on the gate 
to be lower than the breakdown level. 

Another limitation of the bootstrap method, which has 
been long known in the arts pertaining to S/H devices, is that 
the bootstrap circuitry controls “Vs, but provides nothing 
to control the source-to-body Voltage dependence, or Vs 
dependence of the MOS devices on-resistance in the CMOS 
switch, which is another linearity error source. Conventional 
methods directed to reducing “Vs related linearity error 
include forcing the error to Zero by shorting the body termi 
nals of MOS FETs to their source terminals while in the 
sample mode. These and other methods, though, have been 
long known as not attaining acceptable S/H device perfor 
mance for many applications. 

SUMMARY 

Sample and hold devices according to one example first 
embodiment include a unique and novel combination and 
arrangement of parallel signal paths from an input node to an 
output node connecting a holding capacitor, each signal path 
having a PMOS signal switch FET, each PMOS signal switch 
FET having a source terminal and a drain terminal, the first 
PMOS signal switch FET in the first signal path connecting its 
Source to the input node and connecting its drain to the hold 
ing capacitor, the second PMOS signal switch FET in the 
second signal path connecting its drain to the input node and 
connecting its source to the holding capacitor. 

According to one aspect of one example first embodiment, 
each of the first and the second PMOS signal switch FETs 
having a gate receiving a clock (CLK) signal Switching the 
PMOS signal switch FETs between the sampling state, in 
which the CLK signal is at GND, thereby turning the first and 
the second PMOS signal switch FETs ON to connect the input 
node to the holding capacitor, and the hold state, in which the 
CLK is at V, thereby switching the first and the second 
PMOS signal switch FETs OFF to disconnect the input node 
from the holding capacitor. 

Sample and hold devices according to one example second 
embodiment include two PMOS dummy FETs, each PMOS 
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dummy FET locating in each signal path, the first PMOS 
dummy FET in series with the first PMOS signal switch FET 
arranged between the input node and the source of the first 
PMOS switch FET in the first signal path, and the second 
PMOS dummy FET in series with the second PMOS signal 
switch FET arranged between the output node and the source 
of the second PMOS switch FET in the second signal path. 

According to one aspect of one example second embodi 
ment, each of the first and the second PMOS dummy FETs 
having a gate receiving an inverse clock signal (NCLK) of the 
CLK, causing a complementary switching OFF of the first 
and the second PMOS dummy FETs concurrent with switch 
ing ON of the first and the second PMOS signal switch FETs 
in the sampling state, and switching ON of the first and the 
second PMOS dummy FETs concurrent with switching OFF 
of the first and the second PMOS signal switch FETs in the 
hold state. 

Sample and hold devices according to one example third 
embodiment include each of the first and the second PMOS 
signal Switch FETs having a body connection connected to, 
and biased by, a bias sequencer having a certain sequence of 
specific and different bias levels, and the sequence being 
synchronized with the CLK signal. 

According to one aspect of one example third embodiment, 
the certain sequence of specific and different bias levels 
includes, during the sampling interval, in which the CLK 
signal is at GND, connecting and therefore biasing the body 
of the first PMOS signal switch FET, and the body of the 
second PMOS signal switch FET, to the input signal, concur 
rent with the first and the second PMOS signal switch FETs 
switched ON to connect: the input node to the holding capaci 
tOr. 
Among other features and benefits, this one aspect of one 

example third embodiment reduces the “on-resistance' of the 
first and the second PMOS signal switch FETs and, further, 
removes the first-order nonlinearity error due to the body 
effect. 

According to one aspect of one example third embodiment, 
the certain sequence of specific and different bias levels 
includes, during the holding interval, in which the CLK is at 
V, connecting and therefore biasing the bodies of the first 
and the second PMOS signal switch FETs to V, concurrent 
with the first and the second PMOS signal switch FETs 
switched OFF to isolate the input node from the holding 
capacitor. 
Among other features and benefits, this one aspect, namely 

biasing the bodies of the first and the second PMOS signal 
Switch FETs to the V, during the hold mode, significantly 
increases the hold mode isolation between the input node and 
the output node, and any holding capacitor connected to the 
output node. 

Sample and hold devices according to one example fourth 
embodiment include each of the first and the second PMOS 
dummy FETs having a body connection connected to, and 
biased by, a bias sequencer having a certain sequence of 
specific and different bias levels, and the sequence being 
synchronized with the NCLK signal. 

According to one aspect of one example fourth embodi 
ment, the certain sequence of specific and different bias levels 
includes, during the sampling interval, in which the NCLK 
signal is at V, connecting and therefore biasing the body of 
the first PMOS dummy FET, and the body of the second 
PMOS dummy Switch FET, to the V, concurrent with the 
first and the second PMOS dummy FETs switched OFF. 

According to one aspect of one example fourth embodi 
ment, the certain sequence of specific and different bias levels 
includes, during the holding interval, in which the NCLK is at 
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4 
GND, connecting and therefore biasing the bodies of the first 
and the second PMOS dummy FETs to the voltage level held 
on the sampling capacitor, same as the Voltage showing at the 
input node in the sampling interval, concurrent with the first 
and the second PMOS dummy FETs ON. 
Among other features and benefits, this one aspect of one 

example second and fourth embodiments, namely applying a 
gate control and a body bias to the PMOS dummy FETs 
opposite to the gate control and the body bias applied to the 
PMOS signal switch FETs provides significant reduction of 
the channel charge injection effect and the clock feedthrough 
effect, providing further reduction in non-linearity error. 
As will be described in greater detail at later sections, 

preferably the first PMOS signal switch FET has approxi 
mately the same geometry, the performance-related dimen 
sions and the physical implementation orientation as the sec 
ond PMOS signal switch FET, and in the first branch, the first 
dummy PMOSFET has approximately the same geometry, 
the performance-related dimensions and the physical imple 
mentation orientation as the first PMOS signal switch FET, 
and in the second branch, the second dummy PMOSFET has 
approximately the same geometry, the performance-related 
dimensions and the physical implementation orientation as 
the second PMOS signal switch FET. As will also be 
described in greater detail in later sections, preferably the 
CLK and the NCLK are generated to be synchronous. 
The above-summarized illustrative examples of embodi 

ments and of illustrations, as well as the above illustrative 
advantages, features and benefits of each are not intended to 
be exhaustive or limiting. Other advantages of the various 
exemplary embodiments will be apparent from the various 
embodiments and aspects that are further described with 
illustrative detail, and persons of ordinary skill in the art will, 
upon reading this disclosure, readily identify further varia 
tions within the scope of the appended claims, as well as 
additional applications. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a circuit, diagram representation of one example 
implementation of one switched body PMOS S/H switch 
according to one or more embodiments; 

FIG. 2 is a circuit diagram representation of one example 
implementation of one switched body PMOS S/H switch 
having switched body PMOS dummy FETs, according to one 
or more embodiments; 

FIG. 3 is a circuit diagram representation of one example 
implementation of one Switch network configured to control, 
in response to a sample-and-hold clock and an inverted 
sample-and-hold clock, a sequenced Switching of the bias of 
the bodies of a PMOS switch element of one example imple 
mentation according to one or more embodiments; 

FIG. 4 is a circuit diagram representation of one example 
implementation of one generating circuit for one example 
sample-and-hold clock signal and synchronized inverted 
sample-and-hold clock signal; 

FIG. 5 is an illustration of one example abstracted cross 
sectional view of one example branch of a PMOS signal 
switch FET element and corresponding PMOS dummy FET 
element of one example implementation according to one or 
more embodiments. 

DETAILED DESCRIPTION 

Various examples having one or more exemplary embodi 
ments are described in reference to specific example configu 
rations and arrangements. The specific examples are only for 



US 7,969,203 B1 
5 

illustrative purposes, selected to further assist a person of 
ordinary skill in the art of sample-and-hold circuits to forman 
understanding of the concepts sufficient for Such a person, 
applying the knowledge and skills Such person possesses, to 
practice the invention. Neither the scope of the embodiments 
and the range of implementations, however, are limited to 
these specific illustrative examples. On the contrary, as will be 
recognized by persons of ordinary skill in the sample-and 
hold arts upon reading this description, other configurations, 
arrangements and implementations practicing one or more of 
the embodiments, and one or more various aspects of each, 
may be designed and constructed. 
The figures are arranged to provide a clear depiction of the 

figure's illustrated example subject matter and, further, 
graphical symbols and content may be arbitrarily placed, and 
may not be drawn to scale. Relative sizes and placements of 
items therefore do not necessarily represent the items rela 
tive quantity of structure, or relative burden or importance of 
functions. 
As will also be understood by persons of ordinary skill in 

the sample-and-hold arts upon reading this disclosure, Vari 
ous background details of for example, semiconductor 
design rules and layout methods, semiconductor fabrication 
methods, and circuit simulation tools that are well known to 
Such persons are omitted, to avoid obscuring novel features 
and aspects. Similarly, at instances at which details are 
included, it will be readily understood by such persons of 
ordinary skill, from the context of the instance, that the details 
may not be complete and, instead, may only be described to 
the extent pertinent to particular features and aspects of an 
embodiment. 

Example embodiments and aspects may be described sepa 
rately, and as having certain differences. Separate description 
or description of differences, however, does not necessarily 
mean the respective embodiments or aspects are mutually 
exclusive. For example, aparticular feature, function, or char 
acteristic described in relation to one embodiment may be 
included in, or adapted for other embodiments. 

With respect to the meaning of the terms “ON and “OFF 
that appear in this description, each of these terms define 
relative states and/or functions and in no way limit the prac 
tice of the embodiments, or the Scope of the appended claims 
from covering alternative equivalents such as, for example, a 
global inverse of the described states and functions to perform 
the same or equivalent functions within the scope and spirit of 
the invention. 

Further regarding the terms “ON” and “OFF, for consis 
tency in terminology describing the illustrative examples, the 
following meanings apply, unless otherwise stated or made 
clear from the particular context to have a different meaning: 
in relation to depicted Switches having an open position (or 
state) and a closed position (or state), the term “ON” means 
the Switch is closed and the term 'OFF' means the Switch is 
open. In relation to the depicted FETs, the term “ON” means 
the FET is in a fully conducting state, between its source and 
drain, and the term “OFF' means the FET is in an open state, 
where “fully conducting and “open' have their ordinary and 
customary meaning in the art in the context of the described 
function to which “ON” and “OFF' pertain. With respect to 
the disclosed clocks and other control signals, the term “ON” 
means a clock or signal State causing the FETs or other 
switches controlled by that clock to be ON, and the term 
“OFF' means a clock or signal state causing the FETs or other 
switches controlled by that clock to be OFF. 

Referring now to the figures, illustrative examples of and 
from among the various arrangements, architectures, systems 
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6 
and structures for practicing one or more of the various 
example embodiments will be described. 

Turning first to FIG. 1, this shows a circuit diagram repre 
senting one example implementation of a PMOSFET based 
S/H feed switch 10 according to one or more embodiments. 
As shown, the example 10 includes a first branch 12 having at 
one end an input line 14 connected to an input node A and, at 
an opposite end, an outputline 16 connected to an output node 
B. The input node A is shown as receiving a Signal In from an 
external signal source (illustrated, but not separately num 
bered), and the output node B is shown at the top of a holding 
capacitor Cs. An illustrative example connection of an A/D 
converter is shown, but not separately number. The example 
SFH feed switch 10 further includes a second branch 18, 
parallel to the first branch, having at one end an input line 20 
connected to the input node A, and at its opposite end an 
output line 22 connected to the output node B. 

With continuing reference to FIG. 1, the example first 
branch 12 includes a first PMOS signal switch FET 24 and, 
likewise, the illustrative example second branch 18 includes a 
second PMOS signal switch FET 26. Each of the first and the 
second PMOS signal switch FETs 24 and 26 has respective 
body connections, labeled “b1 and “b2.' respectively, each 
connecting to the respective transistor body (the body being 
represented as existing by the FET symbol, but not shown in 
detail or separately numbered in FIG. 1). Each of the first and 
the second PMOS signal switch FETs 24 and 26 has a respec 
tive source (not separately numbered) and a respective drain 
(not separately numbered). As also shown, a switching PMOS 
body bias supply line 28 connects a PMOS switch bias node, 
arbitrarily labeled “SB' and within a PMOS body bias 
sequencer circuit 30 that is described in greater detail below, 
to the body connections b1 and b2 of the first and the second 
PMOS signal switch FETs 24 and 26. The PMOS body bias 
sequencer circuit 30 receives a sample-and-hold clock signal, 
arbitrarily labeled for this description as CLK, and an inver 
sion of that CLK, arbitrarily labeled as NCLK, as well as the 
CMOS Supply Voltage V, and the Signal In from the input 
node A. One example generation of CLK and NCLK is 
described in greater detail at later sections. 
The overall function of the FIG. 1 example PMOS body 

bias sequencer circuit 30 is to output the voltage of the Sig 
nal Insignal from the PMOS switch bias node SB during the 
sample mode, i.e., when the first and the second PMOS signal 
switch FETs 24 and 26 are ON for the Signal Into charge Cs. 
and to output CMOS supply Voltage V, from the bias node 
SB during the hold mode, i.e., when the PMOS signal switch 
FETs are open to isolate Signal In from Cs. Functions, prin 
ciples of operation, and benefits provided by this biasing 
sequence are described in greater detail at later sections. 
As will also be described in greater detail at later sections, 

the depicted example arrangement of components and their 
respective arrangement in the example circuit 30 represent 
functions, not a physical structure or physical arrangement of 
the components, either with respect to each or with respect to 
the physical components implementing other functions and 
elements depicted in FIG. 1. 

With continuing reference to FIG. 1, the example PMOS 
bias sequencer circuit 30 may be implemented by a Switching 
circuit topology represented as a stack of an ON-OFF switch 
SW1 and ON-OFF switch SW3. In the depicted example, 
when the CLK is ON (i.e., at GND in the depicted example) 
in a sampling mode, SW1 is closed. NCLK is OFF when CLK 
is ON and, therefore, SW3 is OFF during the sampling mode. 
As result, through the example topology of switches SW1 and 
SW3 depicted in the FIG. 1 example PMOS bias sequencer 
circuit 30, in the sampling mode, the first and the second 
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PMOS signal switch FETs 24 and 26 are ON, i.e., in a con 
ducting state, and their respective bodies b1 and b2 are con 
nected to the input node A, thereby biasing these to the Sig 
nal In Voltage. 

This described biasing of the PMOS signal switch FETs 24 
and 26 during the sampling mode provides, among other 
features benefits, a significant lowering of the ON resistance 
encountered by the Signal In signal passing through the 
PMOSFETS 24 and 26. 

With continuing reference to FIG. 1, when the CLK 
changes to its OFF state (i.e., goes to V), the example 10 
Switches to the hold mode. The CLK places the V, Voltage 
at the gates of the first and the second PMOS signal switch 
FETs 24 and 26, which turns the FETs OFF. Concurrently 
with the CLK going from ON to OFF, its complementary 
NCLK goes from OFF to ON. In response, switch SW1 opens 
and switch SW3 closes, and this connects the bias node SB to 
the V, supply and, via the PMOS body bias supply line 28 
to the body connections b1 and b2, biases the bodies of the 
first and the second PMOS switch transistors 24, 26 to the 
V, Supply. 

The resulting reverse biasing of the first and the second 
PMOS signal switch FETs heavily isolates any change at the 
input node A from the output node B. The signal stored on the 
capacitor “Cs” is therefore kept until an arrival of the next 
OFF to ON edge (not depicted in the drawings) of the sam 
pling clock CLK. 

FIG. 2 is a circuit diagram representation of one example 
implementation 200 of one switched body PMOSS/HSwitch 
having switched body PMOS dummy FETs, according to one 
or more embodiments. The example 200 may be, but is not 
necessarily built as an addition on structure of the FIG. 1 
example 10. To assist in understanding the concepts of 
embodiments such as the example 200, however, the example 
is described as an addition to the FIG. 1 example 10, with all 
like parts having like reference labels and, except where 
otherwise stated or made otherwise clear from the context, all 
like parts performing like operations to accomplish like func 
tions. 

Referring to FIG. 2, the example 200 replaces the FIG. 1 
first and second branches 12 and 18 with first and second 
branches 202 and 204, respectively. First branch 202 inserts a 
first PMOS dummy FET 206 in series with the first PMOS 
signal switch FET 24 and, similarly but not identically, sec 
ond branch 204 inserts a second PMOS dummy FET 208 in 
series with the second PMOS signal switch FET 26. The 
second PMOS dummy FET 208 is not identically arranged as 
the first PMOS dummy FET because, for purposes and further 
to functions described in greater detail at later sections, the 
first PMOS dummy FET206 is connected on the path from 
the input node A to the first PMOS signal switch FET 24, 
while the second PMOS dummy FET 208 is connected on the 
path between the second PMOS signal switch FET 26 and the 
output node B. The source and the drain of each of the first and 
the second PMOS dummy FETs are shorted together, hence 
the name “dummy FET.” by, for example, a conductor (rep 
resented as a line, but not separately numbered) connecting 
the source and the drain outside the dummy FET. 

With continuing reference to FIG. 2, the first and the sec 
ond PMOS signal switch FETs 24 and 26 have respective 
body connections b1 and b2, as previously described in ref 
erence to the FIG. 1 example 10 according to one embodi 
ment. The first and the second PMOS dummy FETs 206 and 
208 have similar respective body connections, labeled “b3” 
and “b4.” respectively. A FET body complementary bias 
sequencer circuit 210, hereinafter referenced as “comple 
mentary bias sequencer 210. Substitutes for the signal switch 
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8 
transistor bias sequencer circuit 30 of the FIG. 1 example 10. 
The depicted example complementary bias sequencer 210 
includes the pair of switches SW1 and SW3 described previ 
ously and the body connections b1 and b2 of the first and the 
second PMOS switch FETs 24 and 26 are, as previously 
described, connected via, for example, the previously 
described switch FET bias line 28, to the switch pair SW1 and 
SW3. The first and the second PMOS signal switch FETs are 
therefore biased in relation to the sampling mode and hold 
mode by, for example, operation of the CLK and NCLK, as 
previously described. The example complementary bias 
sequencer 210 further includes a second stack of switches 
SW2 and SW4, arranged to generate a certain bias voltage on 
a dummy FET bias node labeled arbitrarily as “SMD. This 
connects via a dummy FET bias line 212 to the body connec 
tions b3 and b4 of the first and the second PMOS dummy 
FETs 206 and 208, respectively. For purposes described in 
greater detail at later sections, the bias sequence and levels for 
the first and the second PMOS dummy FETs 206 and 208 are 
generally complementary to the bias sequence and levels of 
the first and the second PMOS signal switch FETs 24 and 26. 

Referring to FIG. 2, the gates (not separately numbered) of 
the first and the second PMOS dummy FETs 206 and 208 are 
controlled by an inverse of the sample and hold CLK, which 
may be the above-described NCLK. As will be described in 
greater detail at later sections, preferably the edges of the 
CLK and NCLK signals have minimum deviation, particu 
larly the rising edge of the CLK, which switches the example 
200 from the sample to the hold mode, in relation to the 
corresponding falling edge of NCLK. 

With continuing reference to FIG. 2, in the sampling mode 
(the interval where the CLK is at GND), switch SW2 is OFF 
and SW4 is ON. The body connections b3 and b4 are there 
fore biased at the V, in contrast to the body connections b1 
and b2 of the first and the second PMOS signal switch FETs 
being biased at the Signal In Voltage. Concurrently with the 
CLK being at GND, NCLK is at V, switching OFF the first 
and the second PMOS dummy FETs 206 and 208. When the 
circuit 200 switches to the hold mode at the rising edge of the 
CLK to the V, switch SW2 is switched ON and SW4 is 
switched OFF. As shown in FIG. 2, the result is the body 
connections b3 and b4 of the first and the second PMOS 
dummy FETs being switched to the output node B which, ifa 
hold capacitor Cs is attached, is the held signal. Concurrently 
with CLK going to V, NCLK goes to GND and the first and 
the second PMOS dummy FETs 206 and 208 are switched 
ON. 

Preferably, for readily understood reasons that are 
described in greater detail at later sections, the geometry, the 
performance-related dimensions and the physical implemen 
tation orientation of the first and the second PMOS dummy 
FETs 206 and 208 are identical, or substantially identical, to 
the geometry, the performance-related dimensions and the 
physical implementation orientation of the first and the sec 
ond PMOS signal switch FETs 24 and 26. Referring to FIG. 
2, this preferable structural relation is represented by the first 
and the second PMOS signal switch FETs 24 and 26, and the 
first and the second PMOS dummy FETs 206 and 208, all 
being labeled with the same “W/L label, where “W/L rep 
resents “width' and “length' as these terms are used in the 
FET arts relevant to these embodiments. As far as the mean 
ing of “identical, it will be understood that numeric ranges 
and particular physical parameters are application-depen 
dent, and that persons of ordinary skill in the arts pertaining to 
S/H devices, applying ordinary know-how and ordinary stan 
dards of engineering practice to the present disclosure, can 
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readily and Sufficiently identify specific tolerances, numeric 
ranges and the like to meet the application. 
An example method according to one embodiment, using 

illustrative operations described as performed on the FIG. 2 
example 200 for purposes of reference, will be described. 
Persons of ordinary skill in the arts pertaining to S/H devices 
will, upon reading this disclosure in its entirety, have an 
understanding of its concepts and related advances in com 
pensating both the charge injection effect and the clock 
feedthrough effect, sufficient to further practice methods 
according to one or more of the embodiments. 

First, a characteristic of a turned-on PMOS switch, such as 
the PMOS signal switch FETs 24 and 26, is that a conductive 
channel exists underneath the gate. The conductive channel is 
formed by a gate-to-body Voltage low enough to collect posi 
tive charges from the N-well and form a high concentration 
layer (i.e., channel) at the surface of the N-well facing the 
gate. This leaves a depletion area at the interface between the 
channel and the N-well. When the gate voltage of the PMOS 
signal switch FETs 24 and 26 is raised from GND to V, the 
electric field maintaining the above-described conducting 
channel and the depletion region ceases. This, of course, 
switches the PMOS switch from ON to OFF. Concurrently, 
because the electric field maintaining the conducting channel 
is ceased, the positive charges that formed the conducting 
channel must go somewhere. Some may dissipate to the 
N-well. However, various factors including, in particular, the 
above-described depletion region with the same electric field 
polarity as the charge in the channel prevent much of the 
positive charges stored in the channel from migrating back 
into the N-well and, instead, a substantial portion of these 
positive charges are exuded through the Source and the drain. 
The exuding charges form a short duration, Substantially 
charge injection to the input node A and to the output node B. 
The short duration charge injection to the input node A intro 
duces an over-shoot Voltage and the settling time of this 
over-shoot voltage is decided by the voltage level and the 
Sourcing and draining current capability of the input signal 
Source. More importantly, the short duration charge injection 
to the output node introduces a signal dependent offset which 
may be a significant source of nonlinearity errors. This non 
linearity error is called the “channel charge injection effect.” 
An illustrative example of operations and methods on the 

FIG.2 example S/H feed circuit 200 shows the embodiments 
provided benefits and feature that include cancelling the 
above-described channel charge injection effect. 

Referring now to the example FIG. 2 example 200, during 
the sampling mode (i.e., when the CLK is ON) the first and the 
second PMOS signal switch FETs 24 and 26 are ON. Con 
ductive channels are therefore formed under the gates of these 
FETs 24 and 26. The total charge in each channel, designated 
as “Qs, is determined by the dimension of the device, the 
gate-to-source Voltage difference Vs (VV-Vs) and the 
threshold Voltage “V. The V, Voltage is a function of the 
work function between the gate material and the bulk silicon 
in the channel region, the Fermi potential, the depletion-layer 
charge, the positive charge due to impurities and imperfec 
tions at the interface, the gate capacitance and the Source-to 
body bias (Vs). It will be understood that Vs may be Zero in 
circuits according to the embodiments, because the body bias 
level of the PMOS signal switch FETs same as the signal 
Voltage level shown at the input node A at the rising edge of 
the CLK, such as the body connection b1 of the first PMOS 
signal switch FET 24 may be connected to its source and the 
body connection b2 of the second PMOS signal switch FET 
26 may have the same Voltage level as its source connecting to 
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10 
the output node B, where the input signal is sampled and fully 
settled when the sampling CLK rising edge comes. 

Continuing to refer to the FIG.2 example 200, with respect 
to the PMOS dummy FETs 206 and 208, during the sampling 
mode NCLK is OFF (which is V,) and, therefore, these 
FETs are turned OFF. Their respective body connections b3 
and b4, as described above, become reversely biased by the 
V, Supply potential. The reverse bias causes a reversed bias 
p-n junction in each of 206 and 208 and, therefore creates a 
depletion region around their respective source and drain 
areas. The charge, arbitrarily labeled herein as “Qh. that was 
extant in the N-well (later on called the depletion region) of 
the dummy PMOSFETs 206,208 at the rising edge of NCLK 
dissipated within a short interval after that edge. Because of 
the depletion region formed by the reverse biasing of the 
bodies of FETs 206 and 208, the charge Qhis excluded out of 
the source and the drain of each of the dummy PMOSFETs 
206, 208 and then distributed between the signal source pro 
viding input signal to the input node A and Cs. However, since 
in the sampling mode, there is a DC path from the output node 
B to the signal source due to the first and the second PMOS 
signal switch FETs 24 and 26 ON, the sampled voltage on the 
sampling capacitor Cs is eventually forced to the value same 
as Signal in, not determined by charge Qh. 
When the CLK changes from GND to V, the circuit 200 

changes to a hold mode, isolating the input node A from the 
output node B because the first and the second PMOS signal 
switch FETs 24 and 26 are turned OFF. The channels formed 
in the FETs 24 and 26 during the sample mode then disappear, 
and the total charge “Qs' in each channel is excluded to the 
input node A and the output node B. Concurrently, as previ 
ously described, the CLK changing to OFF and NCLK chang 
ing to ON controls the switches SW1 and SW3 to connect 
V, to the body connections b1 and b2, via line 28, setting 
Vs to a negative Voltage Vs-V. This is the same as 
described above for the PMOS dummy FETs 206 and 208 
during the sampling mode (as FETs 206, 208 are reverse 
biased during that mode). This reverse bias on the PMOS 
FETs 24 and 26 during the hold mode creates a depletion 
region under their gates. 
Assuming the physical dimensions, geometry and other 

parameter values of the PMOSFETs 24 and 26 are the same 
as the corresponding physical dimensions, geometry and 
other parameters of the PMOS dummy FETs 206 and 208, the 
charge from the newly generated depletion region in the 
PMOS FETs 24 and 26 is equal to Qh. As previously 
described, Qh is also rejected to the input node A and output 
node B. The total charge that shows up at the input node A and 
the output node B, from the switching OFF of the PMOS 
FETs 24 and 26, is therefore Qs+Qh. Concurrent with the 
switching OFF of the PMOS FETs 24 and 26, the PMOS 
dummy FETs 206 and 208 are switched ON, from the reverse 
biased depletion state to the ON state, because NCLK feeding 
the gates of 206, 208 goes to GND. The switches SW2 and 
SW4 also change, under control of the CLK and NCLK, to 
bias the bodies of 206 and 208 to the voltage on the output 
node B, where is the sampled signal stored in the Cs capacitor. 
As a result, a channel is built up under the gates of 206 and 
208. It will be understood that each new instance of these 
channels being created channel absorbs charge QS and, in 
addition, the charge Qhis needed to fill in the depletion region 
that was generated in the PMOS dummy transistors 206, 208 
in the sampling mode. 
As will be understood by persons of ordinary skill in the art 

from the above description, when a S/H feed circuit according 
to the FIG.2 example 200 (having the physical parameters of 
the PMOS dummy FETs 206, 208 matched to those of the 
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PMOS signal switch FETs 24, 26) switches from the sample 
to the hold state, the total charge absorbed by the PMOS 
dummy FETs is Qs+Qh. This exactly equals the above-de 
scribed total charge injected from the channel and the deple 
tion region of the PMOS signal switch FETs 24 and 26 during 
the hold mode. 

Therefore, as can be readily seen, in the described sample 
and-hold operations on S/H devices according to the FIG. 2 
example 200, no additional charge is added on Cs and neither 
is any offset introduced. Therefore, among other features and 
benefits of S/H feed circuits according to the FIG. 2 example 
200 is that the “channel charge injection effect” of the PMOS 
signal Switch FETs connecting between the input node A and 
the output node B, such as FETs 24 and 26, may be fully 
compensated. 
A clock feedthrough effect cancellation within sample 

and-hold devices according to the FIG. 2 example 200, and 
provided by S/H operations and methods performed on S/H 
devices according to the embodiments, will be described. 
Ordinarily, absent the dummy FETs 206 and 208, depicted 
embodiments, one type of clock feedthrough results from the 
Voltage variation of the CLK changing states (i.e., the CLK 
edges) being coupled to the sampling capacitor Cs and to the 
input node A through the gate-to-source?gate-to-drain para 
sitic capacitors of the PMOS signal switch FETs 24 and 26. 
Referring to FIG. 2, these parasitic capacitances are shown 
and are labeled modeled elements “Cgs' and “Cgd.” 
As previously described in reference to FIG. 2, at the 

sample to hold transition the CLK signal toggles from GND 
to V. The Voltage variation V, of the CLK is then coupled 
to the output node B via the parasitic capacitor “Cgd” of the 
first PMOS signal switch FET 24, and via the “Cgs” of the 
second PMOS signal switch FET 26, and is then redistributed 
among them and the hold capacitor Cs. Absent an arrange 
ment of dummy FETs or equivalents such as the FIG. 2 
PMOS dummy transistors 206 and 208, the gates biasing 
generally complementary to the gates biasing of the PMOS 
signal switch FETs 24 and 26, this generates an offset that 
may be termed as +Vof st. In addition, for similar reasons, 
absent the above described features of a S/H feed circuit such 
as the FIG. 2 example 200, the voltage variation V, of the 
CLK during the sample to hold transition is coupled to the 
input node A via the depicted parasitic capacitor “Cgs' of the 
first PMOS signal switch FET 24 and by the depicted parasitic 
capacitor “Cgd” of the second PMOS signal switch FET 26. 
As can be understood by a person of ordinary skill in the art, 
this coupling introduces a positive glitch. 

Referring now to FIG. 2, concurrent with the above-de 
scribed toggling of the CLK signal from GND to V, initi 
ating a change from the sample mode to the hold mode, the 
NCLK connected to the gates of the PMOS dummy transis 
tors 206, 208 toggles from V, to GND. The PMOS dummy 
transistors 206 and 208, being, according to one preferred 
embodiment, structurally substantially identical to the PMOS 
signal switch FETs 24 and 26 though, have the substantially 
the same “Cgs' and “Cgd’ values as the PMOS signal switch 
FETs 24 and 26. Therefore, referring to the PMOS dummy 
FET 208, a resulting voltage variation at the gate of that FET 
208, which is equal to -V, is coupled to the output node B 
through the FETs parasitic capacitors “Cgs' and “Cgd’, and 
then shared between them and the Cs holding capacitor. This 
generates another offset, which may be arbitrarily labeled as 
“-V 99 OFF DUMMY 

Similarly, referring to the PMOS dummy FET 206, when 
the NCLK connected to its gate toggles from V, to GND, 
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12 
the voltage variation is coupled, via “Cygs' and “Cgd” of the 
FET206, and goes to the input node A, introducing negative 
glitch. 
As described above, according to at least one above-de 

scribed embodiment that is exampled by the FIG. 2 S/H feed 
circuit 200, the PMOS signal switch FETs 24 and 26, and the 
PMOS dummy FETs 206 and 208 may be structured, and 
arranged in physical relation to one another, Such that "Cgs' 
and “Cgd” of the second PMOS dummy FET 208 is equal to 
the “Cgs” of the second PMOS signal switch FET 26, and 
“Cgd” of the first PMOS signal switchFET 24, and “Cgs” and 
“Cgd” of the first PMOS dummy FET206 are equal, respec 
tively, to “Cgs” of the first PMOS signal switchFET24 and to 
“Cgd” of the second PMOS signal switch FET 26. 

Therefore, the Sum of "+Vore stand-Vorporary 
may be zero and, accordingly, both of the following benefits 
and features are provided: the offset on Cs may be cancelled, 
and the glitch may be eliminated. Then the clock feedthrough 
effect may therefore eliminated. Even though, subject to mis 
match between the PMOS signal switch FETs 24 and 26 and 
the PMOS dummy FETs 206 and 208, the clock feedthrough 
effect will be reduced at least to the level constrained by the 
process mismatch between FETs 24 and 26 and FETs 206 and 
208. 

Applications contemplated for S/H feed circuits according 
to the above-described embodiments include a sample and 
hold of a common mode Voltage, defined as one half of the 
Supply potential V, to maximize the dynamic range in 
Switch capacitor circuits, and the analog signal Swinging 
around the common mode level with limited variation range. 
Preferably, all of the switch-body devices, i.e., FETs 24, 26, 
206 and 208 employ only PMOSFETs. Preferably, there are 
no NMOSFETs in the signal path and, therefore no occur 
rence of a negative glitch at the input node A can turn a Switch 
ON and potentially leak the charge stored on the holding 
capacitor Cs, which would introduce another offset. Prefer 
ably, if any NMOS devices (not shown in FIG. 1 or 2) are 
used, such as, for example, in the bias sequencer 30 of FIG. 1 
or the bias sequence 210 of FIG. 2, body connection switch 
ing network, these may be constructed on the P-Substrate in 
which the N-wells for PMOSFETs 24, 26, 206 and 208 are 
formed, and the bodies of any such NMOSFETs are prefer 
ably biased by the ground potential. Therefore, if any such 
NMOS devices are used, no separate P-well is needed. This 
provides a further benefit in that implementing a S/H device 
Switch according to these embodiments may be done using a 
simple, if not the simplest digital CMOS process. 

FIG. 3 shows an example configuration 300 that may 
implement the complementary bias sequencer circuit 210 in 
the FIG. 2 example circuit 200. 

Referring to FIG. 3, the example 300 includes a stacked 
arrangement of a CMOS switch 302 and a PMOSFET switch 
304 to generate the bias voltage to the body connections b1 
and b2 of the PMOS signal switch FETs 24 and 26. In the 
stacked arrangement of 302 and 304, the end 302A of the 
CMOS switch 302 may be connected to the FIG. 2 input node 
A (not shown in FIG. 3), the other end 302B may be con 
nected to the drain 304D of the PMOS FET 304, and the 
source 304S of the PMOSFET may be connected to V. The 
depicted connection between the end 302B of the CMOS 
switch 302 and the drain 304D of the PMOSFET may form 
the node SB shown in FIG. 2, which feeds the body connec 
tions h1 and b2 of the PMOS signal switch FETs 24 and 26. 
As can be seen, when CLK is ON (which is GND) the CMOS 
switch 302 is ON and, since NCLK is OFF, the PMOSFET 
Switch 304 is OFF. The node SB is therefore connected to the 
input node A, to receive the Signal In. When the CLK is OFF 
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and the NCLK is ON, the states of 302 and 304 are reversed 
and the node SB is connected through the PMOSFET switch 
304 to V, The depicted stack of the CMOS switch 302 and 
the PMOS FET switch 304 may also implement the bias 
sequencer 30 of the FIG. 1 example S/H feed circuit 10 
according to one embodiment. 

Continuing to refer to FIG. 3, the example 300 may also 
include a stacked arrangement of a CMOS switch 306 and a 
PMOS FET switch 308 to generate the bias voltage feeding 
the body connections b3 and b4 of the PMOS dummy tran 
sistors 206 and 208. The operation is similar to the above 
described operation of the stacked arrangement of the CMOS 
Switch 302 and the PMOSFET switch 304. When the NCLK 
is ON (which is GND) the CMOS switch 306 is ON and, since 
CLK is OFF, the PMOS FET switch 308 is OFF. The node 
SMD is therefore connected to the output node B, to receive 
the signal stored on the sampling capacitor Cs. When the 
NCLK is OFF and the CLK is ON, the states of 306 and 308 
are reversed and the node SMD is connected through the 
PMOSFET switch 308 to V, 

It will be understood that FIG.3 shows a circuit functional 
block diagram, and may not be representative of a preferred 
physical arrangement of the switches SW1 through SW4 in 
relation to the PMOS signal switch FETs 24 and 26 and/or the 
PMOS dummy transistors 206 and 208. 

According to one aspect of one or more embodiments, the 
following physical arrangement of components forming the 
FIG.3 example 300, in relation to components forming a S/H 
feed circuit having an embodiment as depicted at FIG.2 may 
be preferable: the CMOS switch 302 implementation of SW1 
may preferably be located between the bodies of the PMOS 
signal switch FETs 24 and 26 and the input node A: the PMOS 
switch 304 implementation of SW3 may preferably be 
located between the bodies of the PMOS signal switch FETs 
24 and 26 and the V, supply; the CMOS switch 306 imple 
mentation of SW2 may preferably be located between the 
bodies of the PMOS dummy FETs 206 and 208 and the output 
node B; and the PMOSFET308 implementation of SW4 may 
preferably be located between the bodies of the PMOS 
dummy FETs 206, 208 and the supply rail V. 

Continuing to refer to FIG.3, bodies of the PMOS devices 
used in the example switching network 300 may be biased by 
the V, supply potential and the bodies of the NMOS devices 
(not separately numbered) within the CMOS switches 302 
and 306 may be biased by the GND potential. 

FIG. 4 shows a circuit diagram of one implementation 400 
of a sample-and-hold control signal generation circuit togen 
erate CLK and NCLK from a given CLK IN. Referring to 
FIG. 4, the example 400 includes an inverter 402 formed of a 
stack of a PMOS FET (illustrated but not separately num 
bered) and an NMOS FET (illustrated but not separately 
numbered) connected between V, and GND, and an 
always-on buffer 404 formed of a parallel connection of a 
PMOS pass transistor (illustrated but not separately num 
bered) and an NMOS pass transistor (illustrated but not sepa 
rately numbered). 

Continuing to refer to FIG. 4, in the example inverter 402, 
the source of the PMOSFET is connected to V, and the 
drain of the PMOS FET is connected to the drain of the 
NMOSFET, that connection being a midpoint from which the 
NCLK is generated. The source of the NMOS FET of the 
inverter 402 is connected to GND. The given CLK IN con 
nects to the gates of both FETs in the inverter 402. As readily 
seen, of CLK IN is at V, the PMOSFET is OFF and the 
NMOS FET is ON, thereby the junction from which the 
NCLK signal is generated connecting to GND. The NCLK is 
therefore an inverted, and delayed, version of the CLK IN 
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14 
signal. NCLK is delayed because of the inherent switching 
delay of the FETs forming the inverter 402. The amount of 
delay may be arbitrarily referenced as DL1 units of time. 

With continuing reference to FIG. 4, the always-on buffer 
404 generates CLK as a delayed, non-inverted, version of the 
CLK IN signal. The amount of delay, DL2, is preferably 
identical to DL1 by, for example, forming the FETs of the 
buffer 404 to have the same, approximately the same physical 
parameters as relative physical arrangement as the FETs of 
the inverter 402. The buffer 404 is always on because the gate 
of its PMOSFET is connected to GND and its body is biased 
at V, and the gate of NMOSFET is connected to V, with 
its body biased at GND. The buffer 404 FETs are therefore 
strongly ON, such that the CLK signal swings through the full 
GND to V, range. 
The tolerance, in terms of a fixed range, or in terms of 

statistics, between the DL1 and DL2 is application depen 
dent, readily specified or identified by a person of ordinary 
skill in the art of S/H devices upon reading this disclosure, in 
view of the particular application. As readily understood by 
such persons, the maximum difference between DL1 and 
DL2 may be identified by modeling the circuit on, for 
example, SPICE, with the model specifying, or calculating, 
factors identifiable by Such persons upon reading this disclo 
Sure Such as, for example, the above-described Qh and QS 
charge associated with the PMOS signal switch FETs (e.g., 
PMOSFETs 24 and 26) and their associated PMOS dummy 
FETs (e.g. FETs 206 and 208), the switching characteristics 
of each these FETs, the “Cgs' and “Cgd’ values of each of 
these FETs, and relevant trace line delays and impedances. 
As also readily understood by persons of ordinary skill in 

the art upon reading this disclosure, the maximum difference 
between DL1 and DL2, as well as the differences between the 
CLK and NCLK edges at various points throughout the actu 
ally implemented circuit, will affect the matching between 
the charge injections, and glitches exhibited by the opera 
tional signal switch PMOSFETs, such as the PMOSFETs 24 
and 26, and the above-described counter-acting charge injec 
tions, and glitches exhibited by the PMOS dummy FETs, 
such as the PMOS dummy FETs 206 and 208, when arranged 
and operated in accordance with the above-described 
embodiments. 

FIG. 5 is an illustration of one example abstracted cross 
sectional view 500 of one example branch of a S/H feed 
Switch according to, for illustrative example, the example 
branch 202 of the FIG. 2 illustrative example 200. Referring 
to FIG. 5, the example is formed on a P-substrate 502, having 
a first N-well 504 and a second N-well 506. The first N-well 
504 may implement the body of the first PMOS dummy FET 
206 and the second N-well may implement the body of the 
first PMOS signal switch FET 24. The first N-well 504 may 
contain an n+ implant 508 forming the body connection b3 of 
the first PMOS dummy FET 206, and p+ implants 510 and 
512 forming the drain and the source (not numbered in FIG. 
2) of the FET 206. Similarly, the second N-well 506 may 
contain an n+ implant 514 forming the body connection b1 of 
the first PMOS signal switch FET 24, and p+ implants 516 
and 518 forming the source and the drain (not numbered in 
FIG. 2) of the FET 24. 
With continuing reference to FIG. 5, the n+ implant 508 

forming the body connection b3 of the first PMOS dummy 
FET206 may connect to a bias line such as, for example, the 
bias line 212 of FIG. 2 and, similarly, the n+ implant 514 
forming the body connection b1 of the first PMOS signal 
switch FET 24 may connect to a bias line such as, for 
example, the bias line 28 of FIG. 2. A gate formed of an n+ 
poly 520 above a dielectric insulator layer 522 formed on the 
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N-well 504 may connect to NCLK to form the gate of the first 
PMOS dummy FET 206 and, as shown in FIG. 2, may con 
nect to the NCLK signal. Likewise, a gate formed of an n+ 
poly 524 above a dielectric insulator layer 526 formed on the 
N-well 506 may connect to the CLK signal to form the gate of 5 
the first. PMOS signal switch FET 24 and, as shown in FIG. 
2. 

Preferably, but not necessarily, the P-substrate 502 is 
biased by a p-- implant 528 connected to GND. 

Although the various exemplary embodiments have been 
described in detail with particular reference to certain exem 
plary aspects thereof, it should be understood that the inven 
tion is capable of other embodiments and its details are 
capable of modifications in various obvious respects. AS is 
readily apparent to those skilled in the art, variations and 
modifications can be affected while remaining within the 
spirit and scope of the invention. 

Accordingly, the foregoing disclosure, description, and 
figures are for illustrative purposes only and do not in any way 
limit the invention, which is defined only by the claims. 

We hereby claim: 
1. A sample?hold feed switch for switchably connecting 

and isolating an input node connectable to signal Source for 
receiving an input signal, to and from an output node con 
nectable to a sampling capacitor for holding a sample of the 
input signal, comprising: 

a first signal branch connected at one end to the input node 
and at the other end to the output node, having a first 
PMOS signal switch FET and a first PMOS dummy 
FET, the first PMOS signal switch FET having a corre 
sponding switch FET body connection and the first 
PMOS dummy FET having a corresponding dummy 
FET body connection, a first gate-to-source capacitance 
connected to the first PMOS signal switch FET, a first 
gate-to-drain capacitance connected to the first PMOS 
signal Switch FET, a second gate-to-source capacitance 
connected to the first PMOS dummy FET, and a second 
gate-to-drain capacitance connected to the first PMOS 
dummy FET: 

a second signal branch connected at one end to the input 
node and at the other end to the output node, having a 
second PMOS signal switch FET and a second PMOS 
dummy FET, the second PMOS signal switch FET hav 
ing a corresponding Switch FET body connection and 
the second PMOS dummy FET having a corresponding 
dummy FET body connection, a third gate-to-source 
capacitance connected to the second PMOS signal 
Switch FET, a third gate-to-drain capacitance connected 
to the second PMOS signal switch FET, a fourth gate 
to-source capacitance connected to the second PMOS 
dummy FET, and a fourthgate-to-drain capacitance con 
nected to the second PMOS dummy FET: 

a switch FET bias switching sequencer connected to the 
switch FET body connections to switch the switch FET 
body connections of the PMOS signal switch FETs 
between the input node and a V, Supply: 

a dummy FET bias Switching sequencer connected to the 
dummy FET body connections to switch the dummy 
FET body connections of the PMOS dummy FETs 
between the output node and the V, and 

a clock generator circuit, connected to the Switch FETs and 
to the gates of the dummy FETs, that generates a clock 
signal (CLK) Switching between a sample state Voltage 
and a hold State Voltage, generates an inverse of the CLK 
(NCLK), and inputs to said switch FETs and said 
dummy FETs CLK and NCLK to control the switch 
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FETs and to control the dummy FETs to switch from a 
first operation state to a second operation state; 

wherein the sampling capacitor, the first and third gate-to 
Source capacitances, and the first and third gate-to-drain 
capacitances produce a Switch offset Voltage, the sam 
pling capacitor, the second and fourth gate-to-source 
capacitances, and the second and fourth gate-to-drain 
capacitances produce a dummy offset Voltage, and the 
dummy offset Voltage is approximately equal to the 
switch offset voltage. 

2. The sample?hold feed switch of claim 1, 
wherein the first PMOS signal switch FET has a gate con 

nected to said CLK signal, and a source connected to the 
input node, a drain connected to the output node, said 
FET configured to form a conducting channel between 
said source and said drain in response to said CLK being 
at the sampling state Voltage, and to remove said con 
ducting channel in response to said CLK being at the 
hold state Voltage, 

wherein the second PMOS signal switch FET has a gate 
connected said CLK signal, and a source connected to 
the output node, a drain connected to the input node, said 
FET configured to form a conducting channel between 
said source and said drain in response to said CLK being 
at the sampling state Voltage and to remove said con 
ducting channel in response to said CLK being at the 
hold state Voltage. 

3. The sample?hold feed switch of claim 1, 
wherein the first PMOS dummy FET has a gate connected 

to said NCLK, a source connected directly to the source 
of the first PMOS signal switch FET, a drain connected 
directly to the input node, the source and the drain con 
nected by a low impedance metal wire located between 
the source of the first PMOS signal switch FET and the 
input node, and 

wherein the second PMOS dummy FET has a gate con 
nected to said NCLK, a source connected directly to the 
source of the second PMOS signal switch FET, a drain 
connected directly to the output node, the source and the 
drain connected by a low impedance metal wire located 
between the source of the second PMOS signal switch 
FET and the output node. 

4. the sample?hold feed switch of claim 1, wherein the drain 
and source of the first PMOS dummy are each connected 
directly to the input node. 

5. the sample?hold feed switch of claim 1, wherein the drain 
and source of the second PMOS dummy are each connected 
directly to the output node. 

6. The sample?hold feed switch of claim 1, wherein the 
clock generator circuit receives a given clock signal CLK IN 
to generate CLK and NCLK in response, said clock generator 
circuit including: 

an inverter formed by one PMOS transistor having a given 
PMOS transistor size and one NMOS transistor having a 
given NMOS transistor size to receive the CLK IN and, 
in response, generate said NCLK, and an always-on 
buffer to receive said CLK IN and, in response, togen 
erate said CLK, said always-on buffer formed by a 
PMOS transistor having said given PMOS transistor size 
and an NMOS transistor having said given NMOS tran 
sistor size. 

7. The sample?hold feed switch of claim 1, 
wherein the first PMOS signal switch FET has a given 

geometry, given performance-related dimensions and a 
given physical implementation orientation, and 

wherein each of the second PMOS signal switch FET, the 
first PMOS dummy FET in the first signal branch, and 
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the second PMOS dummy FET in the second signal 
branch has a geometry, performance-related dimen 
sions, and a physical implementation the same as said 
given geometry, said given performance-related dimen 
sions and said given physical implementation orienta 
tion. 

8. The sample/hold feed switch of claim 7, wherein the first 
and second PMOS dummy FETs, upon a switch in operation 
state, absorb a charge equal to the Sum of a conductive chan 
nel charge (Q) produced when the PMOS signal switch FETs 
are conducting a depletion charge (Q) produced when the 
PMOS dummy switches are not conducting. 

9. The sample/hold feed switch of claim 1, wherein the 
input signal comprises a common-mode Voltage. 

10. The sample?hold feed switch of claim 1, wherein the 
Switch FET bias Switching sequencer comprises: 

a first switch controlled by said CLK to switch between an 
ON state connecting the input node to the switch FET 
body connections of the first and the second PMOS 
signal switch FETs in response to said CLK in said 
sampling state Voltage, and an OFF state disconnecting 
the input node from the switch FET body connections of 
the first and the second PMOS signal switch FETs in 
response to said CLK in said hold state Voltage; and 

a second switch controlled by said NCLK, having an ON 
state connecting the V, node to the FET Switch body 
connections of the first and the second PMOS signal 
switch FETs in response to said CLK in said hold state 
Voltage, and an OFF state disconnecting the V, node 
from the FET switch body connections of the first and 
the second PMOS signal switch FETs in response to said 
CLK in said sample state Voltage. 

11. The sample/hold feed switch of claim 10, wherein the 
first switch controlled by the CLK is located between the 
bodies of the first and second PMOS signal switch FETs and 
the input node, and further wherein the second switch con 
trolled by the NCLK is located between the bodies of the first 
and second PMOS signal switch FETs and the V, supply. 

12. The sample/hold feed switch of claim 10, wherein the 
dummy FET bias Switching sequencer further comprises: 
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a first switch controlled by said NCLK to switch between 

an ON state connecting the output node to the dummy 
FET body connections of the first and the second PMOS 
dummy FETs in response to said CLK in said hold state 
Voltage, and an OFF state disconnecting the output node 
from the dummy FET body connections of the first and 
the second PMOS dummy FETs in response to said CLK 
in said sampling state Voltage, 

a second switch controlled by said CLK having an ON state 
connecting the V, node to the dummy FET body con 
nections of the first and the second PMOS dummy FETs 
in response to said CLK in said sampling state Voltage, 
and an OFF state disconnecting the V, node from the 
dummy FET body connections of the first and the sec 
ond PMOS dummy FETs in response to said CLK in said 
hold state Voltage. 

13. The sample?hold feed switch of claim 1, wherein the 
dummy FET bias Switching sequencer comprises: 

a first switch controlled by said NCLK to switch between 
an ON state connecting the output node to the dummy 
FET body connections of the first and the second PMOS 
dummy FETs in response to said CLK in said hold state 
Voltage, and an OFF state disconnecting the output node 
from the dummy FET body connections of the first and 
the second PMOS dummy FETs in response to said CLK 
in said sampling state Voltage, and 

a second switch controlled by said CLK having an ON state 
connecting the V, node to the dummy FET body con 
nections of the first and the second PMOS dummy FETs 
in response to said CLK in said sampling state Voltage, 
and an OFF state disconnecting the V, node from the 
dummy FET body connections of the first and the sec 
ond PMOS dummy FETs in response to said CLK in said 
hold state Voltage. 

14. The sample/hold feed switch of claim 13, wherein the 
first switch controlled by the NCLK is located between the 
bodies of the first and second PMOS dummy FETs and the 
output node, and further wherein the second switch controlled 
by the CLK is located between the bodies of the first and 
second PMOS dummy FETs and the V, supply. 
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